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EXCITATION OF MANTLE RAYLEIGH WAVES OF PERIOD 
100 SECOI~TDS AS A FUNCTION OF MAGNITUDE 
[BY JA~ES N. BRUNE AND CHI-Yu KING* 
ABSTRACT 
The excitation of mantle Rayleigh waves of ]00 seconds period as a function 
of magnitude is studied using data from 91 earthquakes in the magnitude range 
5.0 to 8.9. The data were recorded on a wide variety of instruments including 
Milne-Shaw horizontal pendulums and modern long-period high-gain inertial 
seismographs. The larger earthquakes tudied range in time from 1923 to 1964. 
Mantle Rayleigh wave amplitudes are corrected to a distance of 90 ° and 
plotted as a function of surface wave magnitude. The data are compared with 
theoretical curves based on a moving source model and two statistical models 
discussed by Aki. It is concluded that for large earthquakes the source may be 
approx,mated by a point couple which propagates a distance given approxi- 
mately by the length of the aftershock zone. 
INTRODUCTION 
Large shallow earthquakes generate fundamental mode Rayleigh waves of periods 
greater than 90 seconds--herein called mantle Rayleigh waves--with sufficient 
amplitude to be recorded on modern long-period inertial seismographs and strain 
meters. It is less well-known that the largest shallow earthquakes generate mantle 
waves large enough to be clearly recorded on Milne-Shaw and Wiechert horizontal 
component mechanical pendulums which have been in operation since the early 
1900's. Recently developed long-period seismographs make recording of mantle 
waves possible for earthquakes of magnitudes as low as 5. Unfortunately, with 
many older instruments being replaced by new instruments with high magnification 
it is now difficult to find instruments which stay on scale during very large earth- 
quakes. 
In this paper we report on a study of the excitation of mantle waves as a function 
of magnitude. Measurements are made on several different ypes of seismographs 
capable of recording mantle waves. The resul~s are iaterpretel in terms of the e~- 
pected excitation function based on Tocher's and Iida's cur¢es for fault length 
versus magnitude. 
INSTRUMENTS 
Instruments of several types were used to record the mantle waves studied in 
this paper. These are summarized in Table 1 which gives instrument designation 
and gain at a period of 100 seconds. 
The Milne-Shaw horizontal mechanical pendulums have a free period of 12 sec- 
onds. The data recorded on these instruments were from Canadian stations operat- 
* Now at the Institute of Geophysics and Planetary Physics, University of California, Los 
Angeles. 
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ing since 1923. The Wiechert horizontal pendulums are similar but with a free 
period of 8-9 seconds. Strain seismographs are those developed by Benioff (1959). 
Columbia-IGY instruments are electromagnetie s ismographs with pendulum 
period 15 seconds and galvanometer period 80 seconds. These instruments are de- 
scribed by Sutton and Oliver (1959). WWSSN instruments are the long-period e!ee- 
tromagnetie seismograph of the World-Wide Standardized Seismograph Network. 
These instruments are described in publications of the U. S. Coast and Geodetic 
Survey. 
The CIT ULP instruments are ultra-long period seismographs (peak response at a 
TABLE i 
INSTRUMENTS 
Earthquake No. Stations Instrument Amplification at I00 sec 
1-16 VIC, TNT, OTT Milne-Shaw 4 
9 PAS Strain 30 
15a PAS Long Period Benioff 25 
16 PAS Strain 4 
17, 18, 19 RDJ, SUV Columbia-IGY 150 
MTJ, PER, OTT, UPP Colmnbia-IGY 70 
18a PAS Strain 4.4 
19a BER,  JEN Wiechert 1.5 
KIP Strain 28 
20-25 PAL, NON Columbia-- 60 
ULP filtered 
25 JER WWSSN 416 
ESK WWSSN 208 
26 OGD WWSSN 833 
27 KTG, ttKC WWSSN 208 
GOL WWSSN 416 
28-33 ISA CIT-ULP 500 
34-44 PAS CIT-ULP 500 
45-88 PAS CIT-ULP 1600 
period of 80 seconds) with capacitor transducers and are described by Gilman 
(1960). The Columbia ULP filtered instruments are long-period electromagnetic 
seismographs u ing filter galvanometers to reject surface waves of periods less than 
70 see. These are described by Brune (1963). 
DATA ANALYS IS  
A total of 91 earthquakes with magnitudes ranging from 5 to 8.9 were investi- 
gated in this study. Origin times, epicenters, depths, magnitudes, recording stations 
and approximate epicentral distances are listed in Table 2. The  magnitude used in 
this study is 21,i8 as defined by Gutenberg (1945) and is primarily based on the am- 
plitudes of 20 second surface waves; however, it may be detetmined from body 
waves also (Gutenberg and Richter, 1956; Richter, 1958). Most magnitudes less 
than 7.5 were determined at Pasadena. Magnitudes greater than 7.5 were deter- 
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TABLE 2 
13 
14 
15 
15a 
16 
18 
18a 
19 
19a 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
]:)ate 
Feb. 3, 1923 
,June 26, 1924 
June 17, 1928 
June 27, I929 
Jan. 15, 1931 
May 14. 1932 
June 3, 1932 
June 18, 1932 
March 2, 1933 
Jan. i6, 1934 
Ju ly  18, 1934 
Sept. 20, 1935 
Dec. 28, 1935 
Nov. 26, 1941 
Nov. 10, 1942 
Aug. I5, 1950 
Nov. 4, 1952 
Ju ly i0, 1958 
Sept. 4, 1958 
May 22, 1960 
Aug. 9, I960 
March 28, 1964 
Nov. 19, 1964 
Jan. 24, 1965 
Feb. 4, 1965 
March 2I, 1965 
March 28, 1965 
March 30, 1965 
May 20, 1965 
Aug. 2, 1966 
Aug. 23, 1965 
Sept. 4, 1965 
Origin TJ 
h Ill 
16 01 
01 37 
03 19 
12 47 
01 50 
I3 11 
10 36 
10 12 
17 30 
08 43 
19 40 
01 46 
02 35 
18 03 
11 41 
14 09 
16 58 
06 15 
21 51 
19 11 
07 39 
03 37 
23 35 
0( I i  
0~ O1 
I1 08 
1( 33 
01 27 
0l 40 
1~ i9 
1(~ 46 
14 32 
Log 
Ago* 
3.37t 
3.01t 
3.50t 
3.62t 
2.79t 
2,43t 
3.o17 
2.66t 
3.27t 
2.36? 
2.23? 
3.10t 
3.535 
2.77t 
2.60? 
3.05? 
2.73? 
2.45f 
2.93? 
3.44t 
3.405 
3.55? 
3.745 
2.242 
2.32 
2.64 
2.55 
1.41 
3.42? 
1.06 
4.00 
2.965 
3.42+  
1.50 
1.44 
2.66 
2.81 
2.93 
3.I0 
2,76 
1.35 
1.67 
2.15 
2.41 
2.01 
2.43 
2.65 
2.03 
1.89 
2.14 
2.31 
1.94 
1.63 
I. 87 
1.37 
* A = Vertical ground amplitude in microns for l~ayleigh waves with periods of approximately 100 seconds. 
Value of A computed from horizontal trace amplitudes assuming A g /AH = 1.3. 
$ Value of A computed from strain seismograph. 
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TABLE 2--Continued 
-= d Date 
~z 
30 SopS. 12, 1965 
31 Sept. 17, 1965 
32 Sept. 17, 1965 
33 Sep$. 21, 1965 
34 Sept. 30, 1965 
35 Oct. 1, 1965 
36 Oct. 3, 1965 
37 Oct. 3, 1965 
38 Oct. 12, 1965 
39 Oct. 18, 1965 
40 Oct. 19, 1965 
41 Nov. 6, 1965 
42 Nov.  12, 1965 
43 Nov. 13, 1965 
44 Nov. 15, 1965 
45 Nov. 16, I965 
46 Nov.  19, 1965 
47 Nov. 21, 1965 
48 Dec. 6, 1965 
49 Dec. 6, 1965 
50 Dec. 22, 1965 
51 Jan. 15, 1966 
52 Jan. 20 
53 Jan. 22 
54 Feb. 4 
55 Feb. 5 
56 Feb. 5 
57 Feb. 9 
58 Feb, I0 
59 Feb, 16 
60 Feb. 22, 1966 
61 March 6 
62 MaTch i i  
63 March 12 
64 March 13 
65 March 20 
66 March 22 
67 April 6 
68 April  10 
69 April  1~ 
70 April  20 
71 Apri l  22 
72 April  23 
73 April  23 
Origin Time Lat Long Depth 
08 11 29 
11 56 
16 36.3 N 141.3 E 40 
01 29.0 N 128.1 E 199 
23 59.7 N 143.4 W 12 
08 50.1 N 178.3 E 32 
14 49.5 N 156.5E 33 
16 42.0 S 75.4 W 28 
13 11 
21 33 
20 48 
09 33 
17 40 
18 
19 
i i  
04 
14 
10 
02 
15 
04 
14 
03 
05 
18 
07 
16 
17 
01 
08 
02 
16 
01 
06 
23 
O0 
56.3N 153.7 W 
1.1 S 127.9 E 
52.3 N 174.3 E 
22 . IS  113.8 W 
30.5 N 140.2 E 
43.8 N 87.8 E i9 R 
0 .3S 18.7W 14R 
31.0 N 41.5 W [7 R 
45.3 N 150.9 E :3 
6.1 S 130.4 E 13 
18.9 N 107.1W 37 
18.8N 107.0 W 40 
58.4 N 153.0 W 50R 
59.5N 144.6 W 33 
15.1 S 168.0 E 28 
56.0N 153.7 W 33 R 
15.9 S 167.9 E [90 
39,2 N 22.0 E 38 
26,1 N 103.1 E 15 
56,7S 25.7W 27 
20.8 N 146.3 E 43 
17.7 S 167.9 E 31 
5.4 S 151.5 E 281:t 
24.1 S 176,9 W 33R 
55.2 S 126,6 W 33R 
24.1'N 122,6 E 63 
55.0 S 126,4 W 33R 
0.6 N 30.2 E 36R 
37.5 N 115.1 E 33 
45.8 S 96.1E 33 
31.5 S 71.2 W 64R 
57.0 N 153.6 W 331~ 
18.9 N 146.8 E 33R 
57.5 N 152.1 W 22 
0.9 S 122.4 E 45 
0.5 S 122.2 E 79 
! 
Epi- 
centraI 
~d- Station Distance 
__  _ _  !(degrees) 
6¼ ISA 93.6 
ISA 53.0 
: ISA 77.0 
ISA 90.2 
3 PAS 30.5 
61 PAS 48.3 
6 PAS 62.1 
6½ PAS 86.1 
5.2 PAS 32.8 
6¼ PAS I10.3 
5.5 PAS 50.5 
6 PAS 56.1 
6~ PAS 82.1 
6~ PA S 98.9 
6½ PAS 97.7 
6} PAS 63.2 
5.5 PAS 67.3 
6 PAS 111.1 
6~ PAS 18.1 
543 PAS 18.2 
~-7 PAS 33.5 
i.0 PAS 30.7 
5.5 PAS 88.5 
6 32.7 
5.6 86.1 
6~ 98.2 
57  08.4 
5½ I9.1 
6~ 83.0 
6½ 87.1 
6¼ 93.3 
5,1 80.4 
5,0 89.3 
7L ~3 ~--¢Z 98.2 
5.2 89.1 
}~-7 34.5 
~{-7 93.2 
6 51,5 
6 PAS 78.9 
6~ PAS 33.1 
5.0 PAS 83.6 
5.3 PAS 32.7 
6¼ PAS 113.5 
6 PAS 
Signal 
Used 
l:(1 - -  
R1 
R~ 
Rx 
R1 
R~ 
R1 
R1 
R1 
R~ 
R2 
R~ 
R~ 
R1 
R2 
RI 
R~ 
R~ 
R1 
R~ 
i%5 
R~ 
R:  
R2 
R3 
R~ 
R~ 
R~ 
R1 
R1 
R~ 
R2 
R~ 
R1 
R~ 
R2 
R~ 
R1 
R~ 
R~ 
R~ 
RI  
R~ 
R2 
Ra 
R~ 
R~ 
RL 
R~ 
R~ 
R~ 
R~ 
R1 
R1 
R~ 
R1 
R~ 
R~ 
113.9 R~ 
R:  
Log 
A~0* 
0.13 
0,59 
1,02 
1,19 
0.46 
0.55 
0.01 
0.77 
--0.17 
0.95 
1.12 
--0.05 
0.39 
0.64 
0.75 
0.76 
1.41 
1.18 
0.67 
0.96 
0.05 
0.94 
0.87 
1.26 
1.07 
--0.37 
0.07 
--0.90 
--0.48 
--0.23 
0.29 
0.38 
0.42 
0.36 
0.52 
0.77 
0.45 
0.39 
0.31 
0.37 
0.37 
--0.61 
--1.03 
1.80 
1.91 
--0.66 
1.42 
0.86 
0.60 
0.46 
0.20 
--0.34 
0.03 
--0.31 
--0.41 
1.27 
1.16 
1.28 
0. I0 
-0 .04 
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TABLE 2--Continued 
Z - Date 
74 Nay  1, 1966 
75 May 15 
76 May 19 
77 May 20 
78 June 1 
79 June 2 
80 June 4 
81 June 6 
82 June 15 
83 June 15 
84 Ju ly  4, 1966 
85 Ju ly 19 
86 Aug. 1 
87 Aug. 7 
88 Aug. 19 
Origin Time 
56 
07 
27 
49 
33 
53 
18 
16 
46 
56 
36 
54 
00 
05 
10 
51.5 N 
54.1 N 
13.9 1N 
23.4 S 
51.1 N 
46.5 N 
36.3 1~ 
10.4 S 
10.2 S 
51.7 5 
56.2 ~N 
30.0 5 
50.6 5 
39.2 5 
Lat. Long. 
8.5 S 74.3 W 
178.4 W 
164.1 W 
146.1 E 
174.9 W 
176.0 E 
I52.5 E 
71.2 E 
160.8E 
161.1E 
179.9E 
164.9 E 
68.7 E 
171.3 W 
41.7E 
epth Magn- Statiol 
kin) tude 
351% 6} PAS 
31R 5~-6 PAS 
28 6 PAS 
66 616½ PAS 
24 5.0 PAS 
41R 6 PAS 
27R 5~6 PAS 
25R 6} PAS 
31 7} PAS 
331% 7} ! PAS 
13 6}-7 PAN 
18 I 6-6} IPAS  
33R ~ 6} PAS 
391% 6¼ i PAS 
i 
261% 7 I PAS 
b 
I 
Epi- 
central 
Distance 
(degrees) 
59.4 
46. I 
37.7 
87.0 
78.6 
49.6 
65.8 
109.4 
88.5 
88.1 
47.1 
55.4 
115.9 
41.6 
104.7 
Signa Log 
Used Ago* 
i~1 0.60 
R2 O, 65 
R1 0.05 
R1 0.25 
Ri  --0.12 
R1 --0.37 
R~ --0.43 
1%1 O. O0 
R~ 1.25 
R~ 1.34 
P~8 1.36 
R1 1.81 
R2 2.13 
R3 1.57 
R1 1.58 
R2 1.64 
R~ 1.54 
R1 1.49 
R~ 1.66 
R~ 1.60 
R~ O. 73 
1%1 1.65 
1~2 1.20 
1%1 0.74 
R1 1.84 
mined in some cases at Pasadena and in other cases both at Pasadena and Berkeley. 
For earlier earthquakes recorded on Mi lne-Shaw instruments, the magnitudes are 
taken from Richter (1958). 
The  basic data obtained are mantle Rayleigh wave ground amplitudes (vertical 
component) at a period of i00 seconds corrected to an epieentral distance of 90 °. 
Amplitudes were read directly from the records and corrected for instrument re- 
sponse and distance effects. See Figure i for an example of a measurement of ampli- 
tude. Observations on horizontal component  instruments were corrected for azimuth 
and multiplied by ~ to convert to equivalent vertical amplitudes. For magnitudes 
less than 6 the data are biased toward higher amplitudes since the amplitudes for 
some smaller events may be too small to be recorded at large distances. However,  
all earthquakes with M > 6 which occurred during the period represented by the 
data for the C IT  ULP  instrument with a gain of 1600, generated mantle waves 
which were recorded and included in the data. Thus  there is no reason to expect 
bias for M -> 6. 
The distance correction consists of two factors. The  first factor consists of the 
following: (1) A correction for dispersion. This is based on theoretical seismograms 
corresponding to the known group velocity curve for mantle waves. This correction 
is proportional to the square root of distance for distances larger than about 160 °. 
(2) A correction for geometric spreading on a sphere. This is proportional to the 
square root of the sine of the distance in degrees, except near the epicenter and antip- 
odes. Near the epicenter and antipodes it is proportional to ~¢/~n/2/P,~ (cos A), 
where Pn (cos A) is the Legendre polynomial of order n, and n + ½ is equal to the 
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radius of the earth divided by the wavelength. However, measurement of ampli- 
tude within a wavelength of the epicenter or antipodes will probably not be reliable 
since waves arriving from many directions interfere. (3) A correction for attenua- 
tion. This is given by exp Or:~/QUT) where Q is taken as 145 (Ben-Menahem, 
1965), x is the distance, U the group velocity, and T the period (100 seconds). 
.~ /~ - ~  k~-IO0 sec 
PSV G Ri 2A 
FI~. 1. Seismogram illustrating mantle Rayleigh wave train R~ and method of measuring 
amplitude. ~1 his seismogram is for the 3 onga Island earthquake of 21 December 1959 (M = 6) 
recorded on a CIT ULP instrument at Pasadena (Gilman, 1960). 
I 1 
2.0 - -- 20 
<~ 
1.5  - - -  15 
o ~ 
o 
1.0 I0 
2 co 
kS 
0.5 
o I I 
0 90 180 270 560 450 540 
Epicentrol dislonce, degrees 
Fie-. 2a. I) istanee correction factor, A, for 100 second period mant le Rayleigh waves. 
The product of these corrections, A, is given as a function of distance in Figure 2a. 
A further empirical correction factor was determined by numerous correlations of 
R1 to Ra and R1 to R2. This empirical factor corrects for effects such as: 
(1) Change in the shape of the spectrum as a function of distance. This will 
change the ratio of the observed trace amplitude to the true spectral ampli- 
tude. 
(2) Uncertainty in the appropriate Q value and deviations from an exact exponen- 
tial attenuation. 
(3) Abnormal dispersion, due in part to scattering and refraction. 
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(4) The effect of the shape of the response curve for a particular type of instru- 
ment. This effects the distance dependence of trace amplitude at distances 
of the order of 100 ° and less. The empirical correction factor obtained 
here in a strict sense only applies to the CIT ULP instrument; however, 
the effect is small and probably nearly the same for the other instruments 
used in this study. 
This empirical correction factor, B, is determined tobe a factor of 1.6 at A = 270 ° 
and 2.3 at A = 450 °. It is approximated asa linear function of distance and shown 
in Figure 2b. 
The logarithms of the ground amplitudes in microns, corrected to a distance of 
3 ~ r I I I 
m 
o 
o 
2 
o 
¢- 
o 
I r I I I 
0 f80 360 540 
EpicentraJ distance, deg. 
FIG. 2b. Distance correction factor, B, for 100 second period mantle Rayleigh waves. 
90 °, are shown in Table 2 and plotted as a function of magnitude in Figure 3. Most 
of the earthquakes u ed have depths less than 60 km, but the few deeper ones, with 
depths up to 225 km, give results comparable to the shallow shocks. For these 
deeper quakes the magnitude M was determined from body waves. 
THEORETICAL CURVE 
Large shallow earthquakes are often associated with long surface breaks and long 
aftershock zones. Toeher (1958), Iida (1959; 1965) and Albee and Smith (1966), 
have given curves of approximate l ngth of faulting or length of aftershoek zone 
versus magnitude. The propagation of the seismic source should control the ratio 
of the amplitudes of 100 second waves to 20 second waves and thus the excitation of 
mantle waves as a function of magnitude. The effect of a propagating source can be 
derived quite simply (Benioff, 1955; Ben-Menahem, 1961; Haskell, 1963). The effect 
is to multiply the amplitude spectrum by the direetivity function, sin X/X,  (Ben- 
Menahem, 1961) where: 
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,---,(; .) 
cT - cos  
In this expression b is the fault length, c the phase velocity, T the period, v the fault 
propagation velocity, and ~ the angle between the direction of fault propagation 
and the direction to the recording statioa. 
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FIG. 3. Logar i thm to the base 10 of the ampl i tude  of vert ica l  g round mot ion  (in microns)  of 
100 second per iod mant le  Ray le igh  waves  at a d is tance of 90 °, p lot ted as a Lmct ion  of magn i -  
tude M~. rihe curve  labeled X2o/Xloo is based oil a t rave l ing  source model  and the curves  
labeled co ~ and ca 3 are based oil models  d iscussed by  Aki (1967). 
In order to obtain an approximate theoretical curve for the amplitudes of 100 
second mantle waves as a function of magnitude, we proceed as follows: 
We assume that the earthquake magnitude is directly proportional to the ampli- 
tude of 20 second surface waves as implied by the surface wave magnitude scale. 
We then compute the ratio of the directivity function for 100 second mantle waves 
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to that for 20 second surface waves as a function of fault length (or length of after- 
shock zone), assuming further that v = 3 km/see, 
i2 (b) - sin Xloo/Xloo 
sin X2o/X2o " 
This function in general will have zeros and infinities in it due to the sine functions, 
but by making a large number of observations we will tend to average out these 
effects. We shall assume that the erratic behavior of R(b) is smoothed by averaging 
the scatter in the observed ata, so that R(b) ~ X2o/Xloo (= 5 for large fault 
lengths ince the average value of cos ¢ is zero). 
Having R(b) as a function of fault length and having a relationship between fault 
length and magnitude, we obtain a theoretical curve for excitation of mantle waves 
as a function of magnitude. The curve given in Figure 3 (labelled X2o/X~oo) is deter- 
mined from relationships between fault length and magnitude given by Toeher 
(1958) and Iida (1958; 1965) by smoothing into three straight line segments. The 
portion of the curve above magnitude 7 reflects the interference effects of the propa- 
gating rupture. The absolute value of the curve agrees at M = 6 with the theoret- 
ical amplitude ratio of 100 second to 20 second Rayleigh waves for a point couple 
in a layer over a half-space (computed from the theory of Yanovskaya, 1958, 
assuming a Q of 400 for 20 second Ilayleigh waves). 
Aki (1967) has recently used a statistical or incoherent source model proposed 
by tIaskell (1966) to derive a sealing law for seismic spectrum. This model is re- 
ferred to as the co3 model since it predicts the amplitude spectrum for an earthquake 
will decrease as l f l J  at high frequencies. Aki proposed another model based on 
similar considerations but having a decrease in amplitude proportional to 1/o~ 2 at 
high frequencies. This model is referred to as the co 2 model and agrees with the data 
presented by Aki much better than does the co s model. From curves presented by 
Aki we can directly obtain the 100 second to 20 second amplitude ratio as a func- 
tion of magnitude for the c02 and ~3 models. The corresponding curves are shown in 
Figure 3. 
DISCUSSION 
The  data shown in Figure 3 indicate a range of amplitude of somewhat  greater 
than a factor of ten at any given magnitude. This is considerably less than the range 
of amplitudes of 20 second surface ~aves  for a given local earthquake magni tude 
based on waves  of about 1 see period (Brune et al, 1963), suggesting that mant le  
waves  are a more  reliable measure of earthquake size than shorter period waves. 
This is not unexpected since these very long wavelengths should not be as strongly 
influenced by interference and local effects. A mantle wave magnitude scale based 
on the solid curve in Figure 3 would thus have some merit. 
The data agree well with the X~o/X~oo curve, indicating that on the average arth- 
quakes can be adequately modelled by a propagating rupture, with the length of 
rupture approximately asgiven by Toeher's and Iida's curves. 
The data agree better with the ~2 than with the co~ model, but nevertheless lie
significantly below both models for M > 8.0. For the ~o ~ model the scale effect 
increases harply at M = 8.0 and for M -- 8.4 gives amplitudes of 100 see waves 
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25 times greater than the average of the observed ata. For the @ model the scale 
effect increases the curve gradually from M = 6 and it gives amplitudes about 4: 
times higher than the mean of the data beyond M = 8.0. Thus the increase in the 
100 see to 20 sec amplitude ratio with increasing magnitude is much less than pre- 
dicted by the co s model and somewhat less than predicted by the @ model. This 
may be due to the lack of strict similarity between large earthquakes and smaller 
ones. Tocher (1958) interpreted his data as indicating that for large earthquakes 
the fault, length increases at a much faster ate than fault depth, thus violating the 
rule of similarity assumed by Aki. The data might also be explained by the type of 
incoherency in the source region. The data in Figure 3 indicate that the scale effect 
on the amplitude ratio of 100 to 20 second waves from magnitude 6 to magnitude 
8.4 is about a factor of 5 in agreement with the X2o/Xloo model. A factor of 20 is 
predicted by the @ model and a factor of 125 by the co s model. This suggests that 
if a sealing law appropriate for this frequency and magnitude range is to be con- 
strueted it would be of the co type, i.e., the spectral amplitudes for a given earth- 
quake would be proportional to 1/co. If we accept Aki's co s model for shorter periods 
then the data indicate that a different ype of incoherency occurs for periods of 
about 20 seconds. Haskell (personal communication) has pointed out that the dis- 
placement spectrum at high frequencies must fall off faster than co -a/2 in order to 
keep the energy integral finite. 
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